To investigate whether specific cancers are associated with the occupation of butcher, as has been reported from other countries, a historical prospective cohort study was undertaken. The cohort consisted of all self employed butchers (n = 552) and pork butchers (n = 310)
the liver. Analysis of subgroups showed a cluster of deaths from leukaemia among older butchers born between 1880 and 1899 (Obs 5, Exp 0-6, p < 0.001). Exposure of pork butchers to polycyclic aromatic hydrocarbons during meat smoking, which was assessed in a contemporary study, might have contributed to their increased risk of lung cancer. The possible role of other factors, especially cigarette smoking, nitrosamines, and oncogenic viruses was discussed. Moreover, there was evidence from another contemporary study that butchers and pork butchers ate more animal fat, and probably more animal protein, than the average male population of Geneva. These results suggest that dietary factors could be implicated in the excesses of colorectal cancer, cancer of the prostate, and ischaemic heart disease. An increased risk for alcohol abuse might explain the excesses of liver cirrhosis, cancer of the liver, cancer of the larynx, and motor vehicle accidents. Among all wives overall mortality was similar to that expected (SMR 100, 90% Cl 93-108) and there was no significant excess risk for any specific cancer nor for any non-malignant cause of death. Results for cancer of the cervix uteri, especially among subgroups, suggest an increased risk consistent with previous findings from other countries. Studies from several countries on butchers and other meat workers have shown excess risks for several malignancies especially for lung cancer, prostatic cancer, leukaemia, and lymphoma.'-Various hypotheses have been considered to explain the excess cancers although adequate evidence of the causal role of occupational factors was not produced. The aim of the present study was to investigate mortality and incidence of cancers among a cohort of Geneva butchers and pork butchers, and their wives. Population and methods
DEFINITION OF THE COHORT AND FOLLOW UP
Butchers and pork butchers included in this study were self employed tradesmen who ran their own business with their wife only, or with a few employees. The occupations of butcher and pork butcher were in principle separated up to about 1950, similar to the custom in France but contrary to that in the German speaking part of Switzerland. Pork butchers processed and sold only pork, whereas butchers sold fresh beef, veal, and mutton. Afterwards this separation tended to be less stringent and butchers started to sell pork meat products that they usually bought from wholesalers, although a few butchers started to process these products.
The basic cohort of men consisted of all butchers and all pork butchers born since 1880 who set up their own shop in the canton of Geneva up to 1969. Lists of self employed butchers and of pork butchers have been published annually since 1877 in a Geneva year book, the "Annuaire Genevois." The 1217 butchers and pork butchers whose names appeared on the lists between 1901 and 1969 were identified in the records of the population office of the canton of Geneva. The 283 men born before 1880 were excluded as well as 72 men not found in the records probably because of a wrong name, missing file, or residence in the neighbouring regions of Switzerland or of France. The remaining 862 constituted the study cohort of men.
Since the 1950s an increasing part of the market of meat, up to two thirds in recent years, has been taken by a few multiple butchers and by supermarkets. This explains why the number of butchers setting up shop was lower in the 1950s and 1960s than in the two decades before the second world war (table 1) .
A total of 916 wives was identified in the Population Office records or in the "Families' Register" of the commune of origin of the 862 butchers and pork butchers. The 29 women who married after their husband had left the occupation of butcher, or who died or were divorced before the start of follow up of their husband, were eliminated. The remaining 887 women constituted the study cohort of wives.
Men were traced from 1 January of the first year they were registered in the Geneva year book. Wives were traced from the same date as their husband or from the date of their marriage if it took place later. With methods previously described in detail,9 butchers and their wives were traced by the records of the Geneva population office, by the Families' Register of their commune of origin, and by the population offices of other Swiss cities. Those who had reached the age of 65 for men and 62 for women were also traced by the Swiss old age pension scheme. Butchers and their wives were followed up to 31 With the hot smoke process in particular the pork butcher had to often open the door of the smoking cupboard for loading, controlling, turning and finally unloading sausages and prepared meats.
In a contemporary study (Vu Duc T, personal communication) the profile and concentrations of polycyclic aromatic hydrocarbons (PAHs) were determined in the "laboratories" of Geneva pork butchers during meat smoking with the two traditional methods. Preliminary results indicated that exposures to total PAHs were of the same order of magnitude as those found in 10 Danish smokehouses using the classical technique." Initial measurements of benzo[a]pyrene showed a concentration range from 005,ug/m3 to 04 ,ug/m3 for the cold smoke process, and a concentration of 13 3ug/m3 for the hot smoke process. Various ingredients were used in meat curing and pickling including sodium chloride, potassium nitrate, sugar, citric acid, spices, and sodium nitrite. The last has been widely used only since the 1960s by pork butchers to whom it was sold by the state in nitrited salt form (cooking salt with 0-6% of sodium nitrite). Certain curing mixtures have been shown to contain several nitrosamines"2 to which exposure by inhalation and skin absorption, although limited, seems possible.
Normally only pork is cured and smoked. Therefore those who were exposed to PAHs from meat smoking, and possibly to nitrosamines from meat curing, were all pork butchers and the few butchers who processed pork meat products after 1950.
Preserved meat and fish are among the food items with the highest content of nitrosamines, which are formed from the nitrites and nitrates used in curing."2-'4 Butchers and pork butchers are assumed to consume more meat than the average population and to eat the pieces of meat they cannot sell. Therefore, there is little doubt that the consumption of nitrosamines from pork was higher among pork butchers than among butchers, especially before 1950, and than among the general population.
Exposure to fumes from plastic used in wrapping machines that cut and seal plastic by heat has been suggested as a risk factor for malignancies in meat workers.'A Some Geneva butchers and pork butchers, estimated to be a few per cent in the 1970s and about 20% in the 1980s, used such machines for vacuum wrapping, although for no more than 15 minutes a day. This wrapping was used to preserve pieces of meat for one or two weeks, but never for retail sales. It has been pointed out that there is little evidence of carcinogenicity in these fumes from plastic that can induce meat wrapper's asthma. 6 According to the Geneva veterinary authorities, butchers from Geneva used only cooking salt for the treatment of pelts, by contrast with butchers from other countries such as New Zealand who used trichlorophenol, an agent suspected to induce lymphoma and soft tissue sarcoma in humans.7 Also, they did not use the antioxydants butylated hydroxyanisole (BHA) and butylated hydroxytoluene (BHT) that are carcinogenic in animals and were used in the meat industry of the United States. [1] [2] [3] Wives played an important part in the sale to the customers but they never participated in the processing of meat products because most butchers and pork butchers believed that the presence of women, especially during their periods, could have harmful effects-for instance, making the pickling solution go bad. For the non-malignant causes of death (table 2) there were limited and non-significant differences between butchers and pork butchers. Mortality of all men was significantly increased for circulatory disease, ischaemic heart disease, violent death, motor vehicle accidents, and cirrhosis of the liver.
Further analysis was carried out by calendar period, age, period of birth, and time from first follow up. The incidence of prostatic cancer was highest among the younger butchers (up to 64 years) with five cases v 0 9 expected, but the excess diminished significantly with increasing age. Among pork butchers analysis by two birth cohorts indicated that the excess risk for lung cancer was concentrated among those born from 1900 onwards. The mortality from lung cancer among younger pork butchers (Obs 16, Exp 6-6, SMR 242, 90% CI 152-368) was significantly higher (p < 0-05) than that among the pork butchers born in 1880-99 (Obs 2, Exp 3.5, SMR 56, 90% CI 10-175).
Furthermore, there was a cluster of leukaemia among the butchers born in 1880-99 (Obs 5, Exp 0-6, p < 0-001). Table 4 shows type of leukaemia, years of birth and death, and period of occupational exposure. No latency was taken into account to calculate the observed and expected deaths. The only case, however, with less than 15 years of follow up (born in 1890, see table 4) was traced from age of 19 years: he was employed as a butcher in other Swiss cantons and in Lyon, France, from where he moved to Geneva in 1937. He entered the cohort in 1947 when he started to run his own butchery. No increase in mortality or in incidence from leukaemia was found among the butchers born from 1900 onwards and among the pork butchers.
By contrast with the results of studies from other countries 27 there was no significantly increased risk for lymphoma (tables 2 and 3), although the number of expected deaths was small. (2-228) *p<0-05; **p < 0-01;***p < 0-001. tExcluding non-melanoma skin tumours (173) and in situ cancers. jA cook before and after the period of self employed butcher. In Sweden the 1961-73 incidence of lung cancer was significantly increased among all men regis-tered as a butcher or slaughterhouse worker in the census of 1960.18 The increase was higher among those in slaughterhouses than among the others. A case control study based on the same population failed to find any work task associated with lung cancer.6 Tobacco smoking habits contributed at least a part of the excess risk.
Two cohort studies among butchers and other meat workers have been reported. Among the 28 901 members of a meatcutters' union in Baltimore, United States, a significant increase in mortality from lung cancer was found among male workers in abattoirs and in meat packing plants and among female workers in chicken slaughtering plants, meat packing plants, and retail food stores.'-3 A nested case-control analysis found that the risk excess was not explained by smoking habits and was highest among men working in stockyards or in killing and dressing areas of slaughterhouses.
The second cohort study was carried out among 1610 meat workers employed at three British companies, two of which were processing pork only.5 Mortality from lung cancer was significantly increased among those who were regularly exposed to meat from freshly slaughtered animals, although tobacco smoking was not controlled.
Also there were two smoking adjusted case control studies in the United Sates25 26 that showed no association of lung cancer with butchers, whereas two unadjusted studies in New Zealand27 and in Germany28 did show such an association.
Among Geneva pork butchers, mortality from and incidence of lung cancer were significantly higher than expected from the whole Geneva population rates, whereas no such increases were found among Geneva butchers. The difference in mortality from lung cancer between butchers and pork butchers was significant but only of borderline significance for incidence of lung cancer.
It is unlikely that different smoking habits could explain why the risk of lung cancer was higher among pork butchers than among butchers. Similar lifestyles would be expected in these occupations because they are much the same. This seems supported by the rates of current smokers in the study on dietary habits undertaken in 1989 although the number ofmen, especially of pork butchers, was small.
The high risk of lung cancer among Geneva pork butchers might be related to their exposure to the fumes from meat smoking. These fumes are rich in PAHs, which are strongly suspected, from experimental studies on tobacco smoke, to play an important part in the induction of lung cancer in tobacco smokers.29 Probably nearly all pork butchers practised meat smoking from the start of their career whereas very few butchers practised it, and only after 1950.
Exposure to nitrosamines from meat consumption, and possibly by inhalation from curing mixtures, was probably higher among pork butchers than among butchers. Some nitrosamines produce respiratory tract tumours in animals and are suspected of inducing lung cancer in humans.29
Although we do not know if these nitrosamines were actually consumed or inhaled by Geneva pork butchers, their possible role in the excess of lung cancer found in this occupation should be considered.
To our knowledge no data on risk of cancer among self employed pork butchers have been published. The SMR from lung cancer, however, was 200, based on 10 deaths, among meat and fish curers and smokers in the report of the 1951 census on occupational mortality in England and Wales. '7 This result seems to support the hypothesis that the increased risk of lung cancer among Geneva pork butchers might be related to a hazard during the smoking and curing of pork.
In Tables 2 and 3 show that the risk of colorectal cancer was higher among pork butchers than among butchers. The difference, however, was not significant for mortality and was only of borderline significance for incidence (p = 0 06). We suggest that the higher risk for colorectal cancer among pork butchers could possibly be related to their likely higher intake of nitrosamines, discussed previously.
Our Excessive consumption of animal fat is a risk factor for ischaemic heart disease and probably played a part in the significant mortality increase from this disease among all men. The significant mortality excess from liver cirrhosis among all men strongly suggests that butchers and pork butchers were at higher risk for alcohol abuse than the average male population of Geneva. The significant increases in incidence of cancer of the liver and in mortality from violent death and from motor vehicle accidents among all men, as well as the significant excess mortality from cancer of the larynx among butchers, are consistent with an increased consumption of alcohol. Moreover, if all alcohol related cancers are taken together (buccal cavity, pharynx, oesophagus, liver, and larynx) there were significant excess risks among all men for mortality (Obs 29, Exp 20-4, p < 0 05) and for incidence (Obs 18, Exp 11-2, p < 0 05).
BUTCHERS' AND PORK BUTCHERS' WIVES
The significant excess in mortality from liver cancer among pork butchers' wives, based on only two observed deaths, is likely to be explained by chance. There is no suggestion of an increased consumption of alcohol considering the lack of any excess risk for liver cirrhosis, although the number of expected deaths was small.
Among butchers' and pork butchers' wives the risk of colorectal cancer and the risk of breast cancer were not significantly increased. An association of these cancers with the consumption of animal fat has been found in a number of studies.'4 Therefore, there is little suggestion that the unhealthy dietary habits strongly suspected among butchers and pork butchers were shared by their wives.
The increased risks for cancer of the cervix uteri among butchers' wives born in 1900 or later and for cancer of the uterus, possibly also attributable to cervical cancer, among the older pork butchers' wives are consistent with preceding reports. As early as 1909 an excess of cancer of the uterus among butchers' wives was noted in Vienna.36 Furthermore an association of cervical cancer with butchers' wives was found in the analyses of national mortality data from Holland for and from England and Wales for 1970-72.37 A viral infection transmitted by their husbands was suggested to explain this association.37
In conclusion our results indicating excess risks for cancers of the lung, prostate, and intestine, and for leukaemia are consistent with those of other studies among meat workers, although we did not find a significant excess of lymphatic tumours, possibly due to small numbers. The mortality pattern of meat workers is not very different from that of farmers who experience high risks especially for Hodgkin's disease, multiple myeloma, leukaemia, and cancers of the prostate and stomach.38 This similarity suggests a risk related to contact with animals, possibly oncogenic viruses, especially accounting for the excesses of lymphatic and haematopoietic tumours.
The separation of the occupations of butcher and pork butcher in Geneva has allowed us to point to a risk of leukaemia associated with the slaughtering of cattle and sheep but not pigs, and to a risk of lung cancer associated only with pork butchers. 
